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ABSTRACT 

T o  provide  a b a s i s  for  p lanning  f u t u r e  space  s c i e n c e  
and a p p l i c a t i o n s  programs, t h i s  memorandum examines t h e  evo- 
l u t i o n  and performance record  of a r e p r e s e n t a t i v e  c l a s s  of un- 
manned s p a c e c r a f t ,  i . e . ,  Nimbus. I t  de te rmines  (1) t r e n d s  i n  
t h e  development of unmanned s p a c e c r a f t  technology and ( 2 )  t h e  
role t h a t  might have been played by t h e  i n t e g r a t e d  program 
c a p a b i l i t y  i n  c a r r y i n g  o u t  such a h i t h e r t o  unmanned program. 
The i n t e g r a t e d  c a p a b i l i t y  i s  assumed t o  i n c l u d e  a low cost  
t r a n s p o r t a t i o n  system capable  of t r a n s p o r t i n g  automated space- 
c r a f t  t o  and from t h e  Nimbus o r b i t  and capable  of p rov id ing  
o n - o r b i t  s e r v i c i n g ,  and Nimbus-type s p a c e c r a f t  conf igured  t o  
be  compatible  wi th  t r a n s p o r t a t i o n  by s h u t t l e  and on -o rb i t  
s e r v i c i n g .  

The c u r r e n t l y  approved program w i l l  p l a c e  s i x  Nimbus 1 

r e s e a r c h  and development s p a c e c r a f t  i n  o r b i t  over  a pe r iod  of 
about  9 y e a r s .  Inasmuch a s  s p a c e c r a f t  system c a p a b i l i t i e s  
w e r e  s i g n i f i c a n t l y  inc reased  i n  Nimbus 111, t h e  series can be 
cons idered  as comprising two gene ra t ions  of s p a c e c r a f t  
mounting i n c r e a s i n g l y  s o p h i s t i c a t e d  meteoro logica l  experiments.  
Succeeding s p a c e c r a f t  have been upgraded by i n c r e a s i n g  sub- 
system l i f e ,  improving d a t a  systems,  and i n c r e a s i n g  sensor  
complement. I t  appears  t h a t  Nimbus F ,  t o  be launched i n  1 9 7 3 ,  
may be t h e  l a s t  of t h e  series; t h e  r e l a t i v e l y  l a r g e  antennas 
r e q u i r e d  f o r  microwave experiments exceed t h e  space a v a i l a b l e  
i n  t h e  Nimbus ear th-viewing base area. 

* 

Had t h e  i n t e g r a t e d  program c a p a b i l i t y  assumed above 
been a v a i l a b l e ,  t h e  achievements of t h e  automated Nimbus pro- 
gram could have been r e a l i z e d  by t h e  manned program a t  a c o s t  
which appears  t o  be q u i t e  compet i t ive .  More impor t an t ly ,  t he  
c a p a b i l i t y  t o  i n s t a l l  new s e n s o r s  a t  r e g u l a r  i n t e r v a l s ,  such 
as every s i x  months, would have brought  exper imenta l  s e n s o r s  
t o  a s ta te  of o p e r a t i o n a l  r e a d i n e s s  a t  an ear l ier  d a t e .  

(NASA-CR-113 1 2 4 )  E V O L U T I O N  OF TAE NIMBUS 
SPACECRAFT SYSTEM (Bellcomm, Inc,) 79 p 
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I n t r o d u c t i o n  

An i s s u e  t h a t  i s  r a i s e d  w i t h  i n c r e a s i n g  frequency 
i n  t h e  p lanning  of f u t u r e  space programs d e a l s  w i t h  t h e  tech-  
n i c a l  i n t e r f a c e  between manned and unmanned p r o j e c t s .  This  
i s  a t t r i b u t a b l e  t o  a g r e a t  e x t e n t  t o  t h e  adopt ion  as a focus  
for  f u t u r e  development of t h e  i n t e g r a t e d  program c a p a b i l i t y  
i d e n t i f i e d  i n  t h e  Space Task Group Report .  S p e c i f i c a l l y ,  
t h e  Space Task  Group foresaw an o p e r a t i o n a l  phase i n  e a r t h -  
moon space  i n  which "continued e x p l o r a t i o n  of s c i e n c e  and 
a p p l i c a t i o n s  would be emphasized, making greater use  of man 
o r  man-attendance as a r e s u l t  of a n t i c i p a t e d  lower costs 
f o r  these o p e r a t i o n s . "  One of t h e  major problems i n  plan-  
n ing  such f u t u r e  programs i s  a g e n e r a l  l a c k  of unders tanding  
of  how compe t i t i ve  o r  compatible manned and unmanned systems 
w i l l  be and of t h e  role whichmanned systems w i l l  f u l f i l l  i n  
h i t h e r t o  unmanned space sc ience  and a p p l i c a t i o n s  a c t i v i t y .  

The purpose of t h i s  memorandum i s  t o  examine t h e  
e v o l u t i o n  of t h e  v a r i o u s  systems and t h e  performance record 
of a t y p i c a l  class of unmanned s p a c e c r a f t ,  i .e.,  Nimbus, t o  
de te rmine :  

(1) Trends i n  t h e  development of unmanned space- 
c r a f t  technology. 

( 2 )  The r o l e  t h a t  might  have been p layed  by an 
i n t e g r a t e d  program c a p a b i l i t y  i n  c a r r y i n g  
o u t  such a program. 

The i n t e n t  i s  t o  provide  a basis for p lanning  f u t u r e  space 
s c i e n c e  and a p p l i c a t i o n s  experiments.  

Nimbus Program Objec t ives  

The Nimbus r e s e a r c h  and development p r o j e c t ,  i n i t i a t e d  
i n  1 9 6 0  as t h e  follow-on to  TIROS i n  t h e  NASA meteorological 
sa te l l i t e  program, r e p r e s e n t s  a major e f f o r t  t o  develop a versa-  
t i l e  obse rva to ry  s p a c e c r a f t  system t o  m e e t  t h e  R&D needs of t h e  
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n a t i o n ' s  a tmospheric  and e a r t h  s c i e n t i s t s  over an  extended 
pe r iod .  Nimbus w a s  conceived as an  amply-powered e a r t h -  
o r i e n t e d  s p a c e c r a f t ,  capable  of suppor t ing  a v a r i e t y  of 
experiments  designed fo r  obse rva t ion  of t h e  e a r t h ' s  atmosphere 
and f o r  r a p i d  t r ansmiss ion  of t h e  c o l l e c t e d  d a t a .  I t  was 
developed as  a general-purpose p l a t f o r m  f o r  a v a r i e t y  of ex- 
pe r imen t s ,  f a c i l i t a t i n g  product  improvement and e v a l u a t i o n  
by accommodating new s e n s o r  developments and by adopt ing  i m -  
proved b a s i c  s p a c e c r a f t  systems i n  success ive  s p a c e c r a f t  of 
t h e  series. 

The g e n e r a l  o b j e c t i v e s  of t h e  Nimbus program a r e :  (1 

. Development and f l i g h t  a p p l i c a t i o n  of advanced 
p a s s i v e  radiometric and s p e c t r o m e t r i c  s e n s o r s  
f o r  t h e  d a i l y  g l o b a l  s u r v e i l l a n c e  of t h e  ear th ' s  
atmosphere t o  provide  a d a t a  base  f o r  long range 
weather f o r e c a s t i n g .  

. Development and e v a l u a t i o n  of new active and 
p a s s i v e  sensors  f o r  sounding t h e  e a r t h ' s  a t -  
mosphere and mapping s u r f a c e  c h a r a c t e r i s t i c s .  

. Development of advanced s p a c e c r a f t  systems and 
improved ground techniques  f o r  r e c e i v i n g  and 
p rocess ing  meteoro logica l  d a t a  from s p a c e c r a f t .  

. Development of new techniques  and knowledge 
u s e f u l  f o r  t h e  e x p l o r a t i o n  of o t h e r  p l a n e t a r y  
atmospheres. 

. P r e p a r a t i o n  for  U . S .  p a r t i c i p a t i o n  i n  g l o b a l  
obse rva t ion  (World Weather Watch) programs by 
expanding d a i l y  g l o b a l  weather obse rva t ion  
c a p a b i l i t y .  

. Prov i s ion  of a supplemental  source  of o p e r a t i o n a l  
meteoro logica l  data. 

Nimbus I ,  t h e  f i r s t  s p a c e c r a f t  of t h e  f ami ly ,  w a s  
launched i n  August, 1 9 6 4 .  The c u r r e n t l y  au tho r i zed  series of 
f l i g h t  tests runs  through Nimbus F ,  scheduled f o r  launch i n  
mid-1973. The Nimbus s p a c e c r a f t  has  demonstrated f l e x i b i l i t y  
and i t s  c a p a b i l i t y  has  been enhanced as t h e  series progressed ,  
e n a b l i n g  t h e  Nimbus system t o  m e e t  t h e  demands f o r  a meteoro- 
l o g i c a l  r e s e a r c h  and development s p a c e c r a f t  f o r  more than  a de- 
cade.  

Basic Design C r i t e r i a  

Two s i g n i f i c a n t  f e a t u r e s  of t h e  Nimbus concept  w e r e  
t h e  cho ice  of an  e a r t h - s t a b i l i z e d  p l a t f o r m  and t h e  d e c i s i o n  t o  
u s e  a p o l a r  o r b i t .  T h i s  combination y i e l d s  f u l l - e a r t h  coverage 
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on a d a i l y  b a s i s .  The b a s i c  des ign  cr i ter ia  were: (2) 

. A system t a i l o r e d  t o  suppor t  t h e  b a s i c  s e n s o r s  
r e q u i r e d  t o  measure a tmospher ic  phenomena. 

. I n h e r e n t  f l e x i b i l i t y  t o  f a c i l i t a t e  system and 
s e n s o r  mod i f i ca t ions  and e v o l u t i o n .  

. A geometry and mass d i s t r i b u t i o n  t h a t  suppor t  
t h e  c o n t r o l  system a c t i o n .  

. Complete global coverage on a d a i l y  basis. 

. System dimensions and weight  compat ible  wi th  
a medium s i z e d  b o o s t e r  system (Thor-Agena) . 

. Long sa te l l i t e  l i f e  w i t h  an i n i t i a l  des ign  goal 
of 6 months. 

. Appl i ca t ion  of c u r r e n t  state-of-the-art t o  en- 
s u r e  system r e l i a b i l i t y  and e a r l y  f l i g h t  
c a p a b i l i t y .  

. Rapid d a t a  a c q u i s i t i o n  and t r ansmiss ion  t o  per -  
m i t  i t s  a p p l i c a t i o n  t o  weather  f o r e c a s t i n g .  

. Minimum o v e r a l l  system cost  p e r  data p o i n t .  

Nimbus S p a c e c r a f t  C h a r a c t e r i s t i c s  

These d e s i g n  cri teria l ed  t o  a Nimbus system w i t h  t h e  
fo l lowing  c h a r a c t e r i s t i c s  : (2) 

A near-polar  sun-synchronous "high-noon" o r b i t ,  
p e r m i t t i n g  complete d a i l y  e a r t h  coverage by 
u t i l i z i n g  a r e t r o g r a d e  o r b i t  of roughly 80  
degrees  i n c l i n a t i o n .  This  t ype  of o r b i t  pro- 
v i d e s  proper  i l l u m i n a t i o n  f o r  t h e  w e a t h e r  c a m -  
eras and makes p o s s i b l e  t h e  p o i n t i n g  of t h e  
s o l a r  a r r a y  t o  t h e  sun by only  a s i n g l e  a x i s  
r o t a t i o n .  

. Three-axis  e a r t h - s t a b i l i z a t i o n ,  w i t h  p o i n t i n g  
accuracy of + 1 degree  i n  a l l  axes  and slow 
( 0 . 0 5  d e g r e e s  p e r  second) r o t a t i o n a l  r a t e s .  

. A 600 n a u t i c a l  m i l e  a l t i t u d e ,  chosen a s  a des ign  
compromise. Improved sensor  r e s o l u t i o n  f a v o r s  
a lower a l t i t u d e ,  wh i l e  h ighe r  a l t i t u d e s  a r e  re- 
q u i r e d  for  c o m p l e t e  ea r th  coverage and f o r  
ground-s ta t ion  d a t a  readout  w i t h  a minimum num- 
be r  of ground s t a t i o n s ;  t h e  s t a t i o n  a t  F a i r b a n k s ,  
A laska  h a s  access  t o  75 p e r c e n t  of t h e  Nimbus 
o r b i t s ,  and i s  supplemented by a second s t a t i o n  
a t  Rosman, North C a r o l i n a  



BELLCOMM,  INC. 
- 4 -  

. A modular approach t o  s p a c e c r a f t  l a y o u t  t o  
pe rmi t  evo lu t ion  of subsystems and s e n s o r s  
w i th  minimum d i f f i c u l t y .  

. An S-band d a t a  t r ansmiss ion  system, as w e l l  
as a VHF system, t o  permi t  r a p i d  t r ansmiss ion  
o f  t h e  voluminous d a t a .  

S p a c e c r a f t  Elements 

The c o n f i g u r a t i o n  of t h e  Nimbus s p a c e c r a f t  i s  shown 
i n  F igu re  1. The experiments i n d i c a t e d  are t h o s e  c a r r i e d  i n  
Nimbus 111. A d i s t i n c t i v e  f e a t u r e  of t h e  b a s i c  s p a c e c r a f t  
d e s i g n  i s  t h a t  it c o n s i s t s  of t h r e e  major elements .  
(1) t h e  Sensory Ring, a 57-inch diameter t o r o i d  which pro- 

v i d e s  1 8  compartments t o  house weather data s e n s o r s  and 
a s s o c i a t e d  e l e c t r o n i c s ,  ( 2 )  t h e  S o l a r  Arrays,  two l a r g e  
( 3  x 8 f e e t )  s o l a r  c e l l  pane ls  mounted on a r o t a t i n g  s h a f t  
t h a t  ex tends  through t h e  Control  Subsystem assembly, and 
( 3 )  t h e  Cont ro l  Subsystem, a hexagonal s t r u c t u r e  t h a t  packages 
t h e  e n t i r e  a t t i t u d e  c o n t r o l  subsystem and i n c l u d e s  i t s  own 
thermal  c o n t r o l .  
c o n t r o l l e d  i n t e r f a c e s ,  bo th  mechanical and e l ec t r i ca l ,  between 
t h e  a t t i t u d e  c o n t r o l  subsystem and t h e  o t h e r  e lements .  

They are 

This  des ign  a l lows  ve ry  s imple  and e a s i l y  

Major Spacec ra f t  Subsystem 

The major Nimbus subsystems are b r i e f l y  desc r ibed  
below, t a k i n g  n o t i c e  of t h e  growth and development of capa- 
b i l i t i e s  i n  succeeding s p a c e c r a f t  where s i g n i f i c a n t  changes 
have occurred .  

. A t t i t u d e  Control Subsystem. Th i s  subsystem i s  
housed i n  a hexagonal s t r u c t u r e  33 x 2 0  inches  
i n  s i z e ,  which weighs 167 pounds and consumes 
7 2  w a t t s  average d .c .  power. I t  c o n t r o l s  motion 
about  t h e  p i t c h ,  r o l l  and yaw s p a c e c r a f t  axes and 
t h e  Solar Array a x i s .  Error s i g n a l s  are genera ted  
by ho r i zon  sensors  f o r  t h e  p i t c h  and r o l l  axes ,  
wh i l e  a sun  sensor  and r a t e  gyro are  used f o r  yaw 
s t a b i l i z a t i o n .  I n e r t i a  whee l s  i n  conjunct ion  wi th  
a pneumatic gas j e t  system achieve  one-degree 
accuracy i n  s t a b i l i z a t i o n  and hold  angular  ra tes  
t o  less than  . 0 5  degrees p e r  second. The a t t i t u d e  
c o n t r o l  subsystem i s  r e q u i r e d  to:  

- P o i n t  cont inuously toward t h e  e a r t h .  

- Align t h e  s p a c e c r a f t  and i t s  cameras t o  t h e  
o r b i t  p l ane  so t h a t  success ive  photographs 
have a known r e l a t i o n s h i p  t o  each o t h e r ,  making 
it convenient  t o  c o n s t r u c t  a complete pole- to-  
p o l e  map of t h e  e a r t h ' s  s u r f a c e .  
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- Maintain t h e  S o l a r  Array poin ted  a t  t h e  sun. 

- Provide  i n t e r n a l  thermal  con t ro l .  

- Provide o p e r a t i o n a l  d a t a  t o  t e l e m e t r y .  

. A t t i t u d e  Cont ro l  Subsystem Development. The S o l a r  
Array d r i v e  on Nimbus I f a i l e d  a f t e r  27 days  of 
o r b i t a l  ope ra t ion ,  p reven t ing  t h e  s p a c e c r a f t  from 
ach iev ing  i t s  designed s i x  month o p e r a t i n g  l i f e .  
The d r i v e  stopped r o t a t i n g  due t o  e x c e s s i v e  
tempera ture  on t h e  r e a r  s e rvo  motor b e a r i n g ,  which 
th ickened  t h e  grease  and u l t i m a t e l y  s t a l l e d  t h e  
motor. The design changes l i s t e d  below were made 
b e f o r e  t h e  second f l i g h t  and have demonstrated a 
s a t i s f a c t o r y  s o l u t i o n  of t h e  problem i n  subsequent  
Nimbus s p a c e c r a f t :  

- A l a r g e r  se rvo  motor was used.  

- Voltages on both phases  of t h e  motor were 
reduced. 

- The motor was p a i n t e d  b l ack .  

- The conducting h e a t  p a t h  from t h e  o u t e r  bea r ing  
r a c e  t o  t h e  s t a to r  was improved. 

- A thermal s t r a p  was added t o  t h e  motor. 

Refinements in t roduced  i n t o  t h e  a t t i t u d e  c o n t r o l  
subsystem i n  Nimbus I V  i nc lude  t h e  c a p a b i l i t y  t o  
r e a c q u i r e  t h e  r e f e r e n c e  o r i e n t a t i o n  from any 
a t t i t u d e  should some d i s t u r b a n c e  t empora r i ly  i n t e r -  
r u p t  a t t i t u d e  s t a b i l i z a t i o n  and t h e  o p e r a t i o n a l  
u s e  of t h e  r a t e  monitor ing package (RMP), a high- 
q u a l i t y  r a t e - i n t e g r a t i n g  gyro c a r r i e d  a s  an expe r i -  
men t  i n  Nimbus 111. 

( 3 )  Power Subsystem 

The mlar -convers ion  power supply c o n s i s t s  of t h e  
solar a r r a y s  and a s s o c i a t e d  e l e c t r o n i a s  equipment. 
I n  Nimbus I and 11, seven nickel-cadmium b a t t e r i e s ,  
connected i n  p a r a l l e l ,  were powered by 1 0 , 9 8 2  s o l a r  
ce l l s .  The power subsystems used d i s s i p a t i v e  
r e g u l a t i o n  techniques and simple b a t t e r y  p r o t e c t i o n  
c i r c u i t s .  Bat tery overcharge p r o t e c t i o n  was pro- 
v ided  by ground c o n t r o l  of s p e c i a l  s p a c e c r a f t  l oads .  
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The power system i n  t h o s e  s p a c e c r a f t  w a s  r e q u i r e d  
t o  provide  no less t h a n  1 6 0  w a t t s  of cont inuous 
power f o r  a minimum miss ion  l i f e t i m e  of s i x  months. 
Output v o l t a g e  was 24.5 v o l t s  d . c .  r e g u l a t e d  t o  
+ 2 % .  - 
The second genera t ion  power system d e s i g n ,  i n -  
co rpora t ed  i n  Nimbus I11 and subsequent  s p a c e c r a f t  
t a k e s  advantage of advances i n  power c o n d i t i o n i n g  
technology which pe rmi t  s u b s t a n t i a l  g a i n s  i n  t e r m s  
o f  extended s p a c e c r a f t  l i f e  or inc reased  load 
c a p a b i l i t y .  This d e s i g n  makes u s e  of n o n d i s s i p a t i v e  
r e g u l a t i o n  techniques and au tomat ic  b a t t e r y  over-  
charge c o n t r o l .  The 500 w a t t  pulse-width modulated 
swi t ch ing  r e g u l a t o r  i s  capable  of 90% o r b i t a l  e f f i -  
c i ency ,  compared t o  75% e f f i c i e n c y  fo r  t h e  d i s -  
s i p a t i v e  model. T h i s  i n c r e a s e s  t h e  power a v a i l a b l e  
f o r  s p a c e c r a f t  use from 1 6 0  t o  195 w a t t s  ( average)  
du r ing  an o r b i t .  Nimbus I11 has 8 ra ther  than  7 
b a t t e r y  modules to suppor t  i n c r e a s e d  miss ion  r e q u i r e -  
ments. The s o l a r  a r r a y s  have been i d e n t i c a l  i n  
Nimbus I ,  11, 111, and I V ,  and t h e  power s u p p l i e s  
i n  a l l  f o u r  s p a c e c r a f t  have m e t  t h e i r  s p e c i f i c a t i o n s  
and performed p e r f e c t l y  . 
Nimbus I11 c a r r i e s  t h e  SNAP-19 Radioisotope Thermo- 
e l ec t r i c  Generator (RTG) , t h e  f i r s t  Space Nuclear 
Aux i l i a ry  Power system t o  be used on a me teo ro log ica l  
s a t e l l i t e .  Having demonstrated i t s  c a p a b i l i t y  of 
supply ing  50 wa t t s  of r e g u l a t e d  power, t h i s  system i s  
now g e n e r a t i n g  power f u l l  t i m e  on t h e  s p a c e c r a f t  
main power b u s .  The SNAP-19 w a s  p laced  aboard 
Nimbus111 as a n  experiment ,  and a t  t h i s  t i m e  n u c l e a r  
power g e n e r a t o r s  are n o t  planned for  t h e  power systems 
of c u r r e n t l y  approved Nimbus s p a c e c r a f t .  RTG power 
sou rces  are being eva lua ted  a g a i n s t  solar  ce l l  a r r a y s  
t o  de te rmine  t h e  optimum power supply fo r  advanced 
s p a c e c r a f t  a f te r  Nimbus F. 

T e l e m e t r y  Subsystem 

Nimbus I through I11 used a multimode p u l s e  code 
modulated (PCM) t e lemet ry  system t o  t r a n s m i t  space- 
c r a f t  housekeeping and ce r t a in  experiment d a t a  a t  a 
500 b i t  pe r  second ra te .  I n  Nimbus I V  t h e  t e l e m e t r y  
c a p a b i l i t y  w a s  enhanced by t h e  i n c o r p o r a t i o n  of t h e  
Versatile Information Processor ( V I P )  Subsystem, 
which samples t h e  ou tpu t  of approximately 1 0 0 0  sensors 
and formats  t h e  data i n t o  a 4000  b i t  per  second s e r i a l  
b i t  stream fo r  recording o r  direct  t r ansmiss ion  on t h e  
beacon t ransmiss ion  l i n k .  
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(1) . Command Subsystem 

This  subsystem c o n s i s t s  of two b a s i c  f u n c t i o n a l  
areas, t h e  Command Receiver and t h e  Command 
Clock, and se rves  t h e  fo l lowing  f u n c t i o n s :  

- Provides  an accu ra t e  t i m e  base  fo r  s p a c e c r a f t  
a c t i v i t i e s .  

- Generates  a t i m e  code f o r  t r ansmiss ion  wi th  
s p a c e c r a f t  da t a  so t h e  t i m e  r e f e r e n c e  can be 
used t o  process  d a t a  on t h e  ground. 

- Generates  s t anda rd  f r e q u e n c i e s  and motor 
d r i v e  s i g n a l s  used by t h e  v a r i o u s  o t h e r  sub- 
systems w i t h i n  t h e  s p a c e c r a f t .  

- Receives ,  p rocesses  and stores command i n -  
format ion  from t h e  ground and executes  those  
commands a t  t h e  determined t i m e s .  

The c a p a c i t y  of t h e  command subsystem has  grown so 
t h a t  Nimbus I V  has  t h e  c a p a b i l i t y  t o  execu te  512 
d i f f y 5 y t  commands, an i n c r e a s e  from 128 i n  Nimbus 
I11 . Ground commands can s w i t c h  components and 
power c o n t r o l  f o r  experiments and subsystems, Cal i -  
brate o r  change experiment factors ,  and change modes 
of o p e r a t i o n  of t h e  communications and d a t a  handl ing  
systems. 

Experiment Subs y s tern 

Nimbus-borne experiments a r e  housed i n  t h e  sensory 
r i n g  s t r u c t u r e  which i s  a 57-inch t o r o i d ,  1 3  i n c h e s  

(2) t a l l  and 8 inches  deep, d iv ided  i n t o  e i g h t e e n  
c a v i t i e s .  T h i s  des ign  has  s e v e r a l  advantages : 

- The sensory  subsystem i s  a s e p a r a t e  e n t i t y ,  r e l y i n g  
only  on power from t h e  s p a c e c r a f t .  

- The many compartments i n  t h e  r i n g  f a c i l i t a t e  
a d j u s t i n g  t h e  balance.  

- A l a r g e  base  a r e a  i s  a v a i l a b l e  f o r  t h e  i n t e r f e r e n c e -  
f r e e  i n s t a l l a t i o n  of o p t i c a l  sensors and scanners .  
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- The c y l i n d r i c a l  volume i n s i d e  t h e  senso ry  
r i n g  o f f e r s  f l e x i b i l i t y  i n  packaging bulky 
equipment such as cameras and t a p e  r e c o r d e r s .  

- The d e s i g n  does n o t  depend on r i g i d i t y  pro- 
vided by s t r u c t u r a l  members w i t h i n  t h e  sen- 
s o r y  c y l i n d e r ,  p r e s e r v i n g  f l e x i b i l i t y  f o r  
f u t u r e  changes. 

The m o s t  s t r i k i n g  growth and e v o l u t i o n  has  t aken  p l a c e  
i n  t h e  s e n s o r s  and experiments embarked i n  t h e  Nimbus 
series. A summary of t h e  s e n s o r s  c a r r i e d  i n  Nimbus I ,  
11, 111, and I V ,  and t h o s e  proposed f o r  follow-on space- 
c r a f t  i s  p resen ted  i n  Table  1. Nimbus s p a c e c r a f t  have 
been used t o  develop a l l  of t h e  new d e t e c t o r s  which 
have been f e d  i n t o  t h e  o p e r a t i o n a l  me teo ro log ica l  sa te l -  
l i t e  system. T h e  s enso r s  tested i n c l u d e  c loud  camera 
systems and i n f r a r e d  radiometers, an i n f r a r e d  s p e c t r o -  
m e t e r ,  an i n t e r r o g a t i o n  and l o c a t i o n  system, and 
u l t r a v i o l e t  radiometers  and spec t rometers .  Microwave 
spec t romete r s  and rad iometers  are programmed for  Nimbus 
E ,  w h i l e  t h e  in s t rumen ta t ion  fo r  Nimbus F is  s t i l l  
be ing  de f ined .  

. Launch Veh ic l e s  

Nimbus I exceeded i ts  d e s i g n  weight goal of  650  pounds, 
and as  it th rea t ened  t o  exceed t h e  c a p a b i l i t y  of t h e  
Thor-Agena launch v e h i c l e  t o  p l ace  it i n t o  a 600  n.m. 
p o l a r  o r b i t  (800 pounds) it w a s  necessary  t o  remove 
t h e  Medium Resolut ion I n f r a r e d  Radiometer (MRIR)  ex- 
per iment  from t h e  s p a c e c r a f t .  Nimbus I1 and I11 were 
launched by t h e  Thrust-Augmented Thor-Agena, which 
can p l a c e  1 5 0 0  pounds i n t o  t h e  Nimbus o r b i t ;  t h i s  
c a p a b i l i t y  appea r s  to be adequate for  f o r e s e e a b l e  ex- 
per iment  requirements  through Nimbus F.  

Performance 

Nimbus I .  Nimbus I w a s  launched August 28, 1 9 6 4 ;  an 
e a r l y  burnout  of the  launch v e h i c l e  p u t  it i n t o  an  
e l l i p t i c  o r b i t  of 503 by 228 n a u t i c a l  m i l e s ,  i n s t e a d  
of t h e  d e s i r e d  6 0 0  m i l e  c i rcular  o r b i t .  A t o t a l  of 
27,000 weather photographs w e r e  s e n t  du r ing  t h e  
s p a c e c r a f t ' s  27 day l i f e t i m e ,  dur ing  which pe r iod  it 
m e t  a l l  of i t s  f l i g h t  o b j e c t i v e s  excep t  for  ach iev ing  
s i x  months' ope ra t ion .  
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. Nimbus 11. Nimbus I1 w a s  launched i n t o  a 590 
by 6 3 6  n.m. o r b i t  on May 15 ,  1966. I t  func t ioned  
f o r  a lmost  t h r e e  y e a r s ,  f a r  exceeding i t s  ex- 
pec ted  s i x  month l i f e t i m e  and demonst ra t ing  t h e  
correction of t h e  c o n d i t i o n  which caused Nimbus 
1's e a r l y  f a i l u r e .  I t  t r a n s m i t t e d  more t h a n  one 
m i l l i o n  day and n i g h t  photos  of t h e  e a r t h .  The 
r e s u l t s  achieved by t h e  High Resolu t ion  I n f r a r e d  
Radiometer were outs tanding .  The s p a c e c r a f t ' s  
t a p e  r e c o r d e r s  f a i l e d  a f t e r  s i x  months of opera- 
t i o n ;  weather d a t a  was t h e r e a f t e r  t r a n s m i t t e d  t o  
ground s t a t i o n s  i n  r e a l  t i m e .  Tape r e c o r d e r s  have 
been a cont inuing  source  of t r o u b l e  i n  t h e  program. 
S ince  they  are r equ i r ed  f o r  high-apaci ty  d a t a  
s t o r a g e ,  e f f o r t  cont inues  t o  des ign  r e c o r d e r s  com- 
b i n i n g  wide bandwidth, h igh  d a t a  c a p a c i t y ,  and 
long l i f e .  

. Nimbus B. T h i s  s p a c e c r a f t  s u f f e r e d  a launch f a i l -  
u r e  i n  May, 1968. 

. Nimbus 111. Launched A p r i l  1 4 ,  1 9 6 9 ,  Nimbus I11 
has completed more than  one yea r  i n  o r b i t ,  and 
a l l  s e n s o r s  except  t h e  I n f r a r e d  I n t e r f e r o m e t e r  
Spectrometer (IRIS) con t inue  t o  o p e r a t e  s a t i s f a c t o r i l y .  
IRIS ceased t o  f u n c t i o n  J u l y  2 2 ,  1 9 6 9 ,  and t h e  
h igh  d a t a  ra te  s t o r a g e  system (HDRSS) t a p e  r e c o r d e r s  
are degrading due t o  t a p e  wear and f l u t t e r  problems. 
Nimbus I11 has g r e a t l y  enhanced weather  f o r e c a s t i n g  
by measuring t h e  atmosphere 's  v e r t i c a l  temperature  
p r o f i l e ,  water vapor p r o f i l e ,  ozone d i s t r i b u t i o n ,  
and n i t r o u s  oxide and methane d i s t r i b u t i o n ,  a l l  on a 
g l o b a l  b a s i s .  It a l s o  demonstrated t h e  c a p a b i l i t y  
of t h e  SNAP-19 t o  supply 50 w a t t s  of r e g u l a t e d  power 
and t h e  a b i l i t y  of t h e  I n t e r r o g a t i o n ,  Recording, 
and Locat ion System ( IRLS)  t o  l o c a t e  and i n t e r r o g a t e  
s e n s o r s  f o r  d a t a  r e l a y  t o  a c e n t r a l  ground s t a t i o n .  

. Nimbus I V .  Weighing 1366 pounds, Nimbus I V  w a s  
launched A p r i l  9 ,  1 9 7 0 ,  and e a r l y  r e s u l t s  i n d i c a t e  
it w i l l  t r a n s m i t  t h e  m o s t  in format ion  on t h e  a t -  
mosphere ever  r e tu rned  from space.  

P r o j e c t e d  Launches 

Nimbus E and F a r e  scheduled t o  be launched i n  May, 
1972 and June ,  1973 r e s p e c t i v e l y ,  and w i l l  c a r r y  
advanced meteoro logica l  and exper imenta l  payloads.  
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Both programs are i n  t h e  advanced p lanning  s t a g e s ;  i t  
i s  expected t h a t  t h e  s p a c e c r a f t  c o n f i g u r a t i o n s  w i l l  
be  similar t o  Nimbus I V .  

Post-Nimbus Planning 

Looking beyond Nimbus F ,  it appears  t h a t  t h e  growing 
number of me teo ro log ica l  experiments t o  be t e s t e d ,  coupled w i t h  
l a r g e r  antennas and a n  i n c r e a s i n g  requirement  t o  look t o  t h e  
s i d e  as  w e l l  as d i r e c t l y  down, may f i n d  t h e  e x i s t i n g  Nimbus de- 
s i g n  t o  be space- l imi ted .  The ear th-viewing area of t h e  c u r r e n t  
s p a c e c r a f t ,  which i s  a c i r c u l a r  p l a t f o r m  about  f i v e  f e e t  i n  
d i a m e t e r , i s  e s p e c i a l l y  l i m i t i n g .  Antennas f o r  microwave e x p e r i -  
ments are r e l a t i v e l y  l a r g e  compared t o  t h e i r  c o u n t e r p a r t s  i n  
t h e  i n f r a r e d ,  v i s i b l e - l i g h t ,  and u l t r a v i o l e t  experiments  carried 
i n  Nimbus I through I V .  S tud ie s  have been i n i t i a t e d  t o  fo rmula t e  
concepts  f o r  a s p a c e c r a f t  c a r r y i n g  up t o  20 experiments ,  w i t h  a 
payload weighing 2 1 /2  t i m e s  t h e  p r e s e n t  one ,  and a power con- 
sumption of 400 w a t t s  of e lectr ical  power. I t  appears  l i k e l y  
t h a t  Nimbus F w i l l  be t h e  las t  of t h e  series. The nex t  g e n e r a t i o n  
me teo ro log ica l  research s a t e l l i t e  i s  t e n t a t i v e l y  being r e f e r r e d  
t o  as t h e  Uni f ied  Nimbus Observatory ( U N O ) .  

Summary of  Development 

The Nimbus fami ly  of obse rva to ry  s p a c e c r a f t  i s  c a r r y i n g  
o u t  t h e  t a s k  of suppor t ing  t h e  me teo ro log ica l  s a t e l l i t e  research 
and development program over a p e r i o d  t h a t  w i l l  span almost 
f i f t e e n  y e a r s .  T h i s  does  n o t  mean t h a t  t h e  Nimbus launched i n  
t h e  m i d - 1 9 7 0 ' s  w i l l  be  the  same as t h e  one whose des ign  w a s  
i n i t i a t e d  i n  1 9 6 0 ,  b u t  t h e  family resemblance w i l l  be s t r i k i n g .  
The b a s i c  des ign  stressed f l e x i b i l i t y  t o  f a c i l i t a t e  s p a c e c r a f t  
subsystem and sensor  modi f ica t ion  and e v o l u t i o n  a s  t h e  program 
p rogres sed ,  and Nimbus performance t o  date has demonstrated t h a t  
t h e  c o r r e c t i o n  of d e f i c i e n c i e s  and t h e  accommodation of more 
numerous and d i v e r s e  s e n s o r s  i n  succeeding f l i g h t s  has  been 
feasible and extremely s u c c e s s f u l .  Nimbus I V ,  launched i n  1 9 7 0 ,  
reflects t h e  c u r r e n t  s t a t e - o f - t h e - a r t  i n  i t s  subsystems, and i t s  
complement of experiments  r e t u r n s  t o  earth a v a r i e t y  and q u a l i t y  
of me teo ro log ica l  data never before ga thered  by a s a t e l l i t e ,  
w h i l e  i t s  des ign  shows cons ide rab le  commonality w i t h  p rev ious  
Nimbus s p a c e c r a f t .  The major developments as t h e  series has 
progressed  have been: 

. Nimbus I1 

- Added MRIR experiment 

- Redesigned s o l a r  a r r a y  d r i v e  system 
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. Nimbus I11 

- Added 3 new meteo ro log ica l  exper iments ,  2 of 
them directed a t  a tmospher ic  s p e c t r o m e t r i c  
sounding. 

- Expanded t h e  c a p a c i t y  of t h e  command subsystem 

- Expanded t h e  d a t a  system t o  handle  d i v e r s e  
s e n s o r  requirements  and t o  provide  a d d i t i o n a l  
s t o r a g e  c a p a b i l i t y  f o r  f u l l  g l o b a l  coverage.  

- Enlarged t h e  power supply c a p a b i l i t y  and added 
a 50 w a t t  Radioisotope Thermoelec t r ic  Generator .  
Coupled w i t h  t h e  expanded d a t a  system, t h i s  
pe rmi t t ed  continuous and concur ren t  o p e r a t i o n  
of a l l  experiments and t h e  c o l l e c t i o n  of a l l  
data on a g loba l  b a s i s .  

. Nimbus I V  

- Inc reased  sensor  complement t o  9 me teo ro log ica l  
experiments ,  4 of them new. 

- Refined a t t i t u d e  c o n t r o l  subsystem. 

. F u t u r e  t r e n d s .  Work t o  improve t h e  performance of 
follow-on Nimbus s p a c e c r a f t  i s  con t inu ing  i n  t h e s e  
areas : 

- Longer-lived s y s t e m s  

Tape recorders .  
Improved bear ings  and l u b r i c a n t s .  
Precise a t t i t u d e  s e n s o r s .  
R a d i a t i o n - r e s i s t a n t  solar cel ls  
S to rage  b a t t e r i e s .  

- Data systems 

N e w  concepts  fo r  d a t a  s t o r a g e ,  
compaction and r e t r i e v a l .  

- Sensors  

E f f i c i e n t  i n f r a r e d  d e t e c t o r s  wi thout  cryogenic  
coo l ing  
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High r e s o l u t i o n  TV tubes  ( 1 0 , 0 0 0  l i n e s ) .  

Microwave r e c e i v e r s .  

Radar senso r s  f o r  mapping and s e a s t a t e  measurements. 

Impact of I n t e g r a t e d  Program C a p a b i l i t y  

The p o t e n t i a l  impact of t h e  i n t e g r a t e d  program capa- 
b i l i t y  on a program such as Nimbus has  been assessed  by making 
t h e  fo l lowing  assumptions: 

. The l o w  cost t r a n s p o r t a t i o n  system has  a 50,000-pound 
payload c a p a b i l i t y  t o  low e a r t h  o r b i t .  This  space  
s h u t t l e  c a n  i n j e c t  a Nimbus-type payload (weighing 
less than  2,000-pounds) d i r e c t l y  i n t o  a 600  m i l e  c i r c u -  
l a r  sun-synchronous o r b i t ,  and can r each  t h a t  o r b i t  f o r  
subsequent  sa te l l i t e  s e r v i c i n g  or  t o  r e t u r n  t h e  space- 
c r a f t  t o  e a r t h .  (5 )  The cost  of a space  s h u t t l e  opera- 
t i o n  has  been es t imated  as be ing  between $5M and $8M 
p e r  launch;  f o r  t h e  purpose of  making a c o s t  comparison 
w i t h  t h e  automated program, a conse rva t ive  estimate of 
$8M p e r  launch i s  used.  (An i n t e r e s t i n g  a l t e r n a t i v e  
on -o rb i t  s e r v i c i n g  c o s t  model has  been desc r ibed  by 
Bosch. (6) 
o r b i t  f o r  purposes o t h e r  t han  s a t e l l i t e  s e r v i c i n g ,  as 
w e l l  as r e g u l a r l y  scheduled s h u t t l e  f l i g h t s  between 
e a r t h  and t h e  space s t a t i o n .  The t r a n s p o r t a t i o n  system 
i n c l u d e s  an i n t e r - o r b i t a l  space  tug  which can be used 
f o r  sa te l l i te  s e r v i c i n g .  I n  t h i s  c o n t e x t ,  t h e  margina l  
cost  of s a t e l l i t e  s e r v i c i n g  i s  r ep resen ted  by t h e  c o s t  
of b r ing ing  f r o m  e a r t h  i n t o  o r b i t  t h e  p r o p e l l a n t  re- 
q u i r e d  by t h e  s e r v i c e  v e h i c l e ;  t h i s  c o s t  model i s  more 
f a v o r a b l e  than  t h e  one based on d i r ec t  s h u t t l e  s e r v i c i n g . )  

H e  a s s u m e s  a space  s t a t i o n  a l r eady  i n  p o l a r  

. Nimbus has  been configured t o  be compatible wi th  s h u t t l e  
d e l i v e r y  t o  low e a r t h  o r b i t ,  s h u t t l e  r e t u r n  t o  e a r t h ,  
and o n - o r b i t  s e rv i c ing .  

. The Nimbus s p a c e c r a f t  cost  i s  $35M, and t h e  Thor Agena 
launching c o s t  (hardware and suppor t )  i s  $7M. Nimbus 
experiments (included i n  t h e  s p a c e c r a f t  c o s t  of $35M) 
are $ 2 M  each.  

C e r t a i n  s i g n i f i c a n t  e v e n t s  i n  Nimbus o p e r a t i o n a l  h i s t o r y  
have been reviewed i n  l i g h t  of t h e  above assumptions t o  de te rmine  
how they  could have b e e n  handled had t h e  i n t e g r a t e d  c a p a b i l i t y  
been a v a i l a b l e  : 



- 13 - BELLCOMM. I N C .  

S p a c e c r a f t  Event 

Nimbus I MRIR d e l e t e d  be- 
f o r e  launch due 
t o  weight  re- 
s t r i c t i o n s  

Placed i n t o  503 
x 2 2 8  nm e l l i p t i c  
o r b i t  

Solar a r r a y  d r i v e  
f a i l e d  a f te r  27 
days 

Nimbus I1 Tape recorders 
f a i l e d  a f te r  6 
months 

Horizon scanner  
f a i l e d  a f te r  32 
months, ending 
miss ion  

Nimbus B Launch f a i l u r e  

Nimbus I11 I R I S  f a i l e d  
af ter  3 months 

Tape r e c o r d e r s  
degrading 

I n t e g r a t e d  Program 
Response 

Large s h u t t l e  pay- 
load c a p a b i l i t y  

Space t u g  i n s e r t  
i n t o  o r b i t  

I n v e s t i g a t e  v i a  
space t u g ;  r e t u r n  
s p a c e c r a f t  t o  
ear th;  correct 
f a i l u r e  and r e t u r n  
t o  o r b i t  

Replace r e c o r d e r s  
i n  o r b i t  

Replace scanner  
i n  o r b i t  o r  re- 
t u r n  s p a c e c r a f t  
t o  ground f o r  re- 
furbishment 

Shu t t l e / space  t u g  
i n s e r t  i n t o  o r b i t  

(+PIS 
Replace 
o r b i t .  

i n  

Replace r e c o r d e r s  
i n  o r b i t  a t  6 
months i n t e r v a l s  

Impact 

F u l l  s enso r  
complement 
i n s  t a l  l e d  

6 0 0  nm cir-  
c u l a r  o r b i t  
achieved 

Opera t i o n  
resumed 

F u l l - o r b i t  
playback 
c a p a b i l i t y  
r e s t o r e d  

Continue 
o p e r a t i o n ,  
or reclaim 
s p a c e c r a f t  f o r  
f u r t h e r  u s e  

S p a c e c r a f t  
p laced  i n t o  
o p e r a t i o n ;  
e v a l u a t i o n  of 
experiments  
begins  

I R I S  data  
con t inues ;  de- 
f e c t i v e  s e n s o r  
r e tu rned  t o  
e a r t h  f o r  
f a i l u r e  analy-  
s is  

Maintain f u l l  
o r b i t  playback 
c a p a b i l i t y :  
r e b u i l d  r e t u r n -  
ed r e c o r d e r s  
( E s t i m a t e  t a p e  
recorder cost  
a t  $250K, and 
re furb ishment  
a t  $50K) 
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Assuming s u c c e s s f u l  accomplishment of t h e  approved 

program, s i x  Nimbus research and development s p a c e c r a f t  w i l l  
have been p l aced  i n  o r b i t  over a pe r iod  of about  n i n e  y e a r s .  
Inasmuch as s p a c e c r a f t  system c a p a b i l i t i e s  w e r e  s i g n i f i c a n t l y  
expanded i n  Nimbus 111, t h e  series can be  cons idered  as  com- 
p r i s i n g  t w o  g e n e r a t i o n s  o f  s p a c e c r a f t ,  mounting i n c r e a s i n g l y  
complex and s o p h i s t i c a t e d  meteoro logica l  experiments .  T o  
f ac i l i t a t e  a rough c o s t  estimate of a man-attended meteorologi-  
c a l  r e s e a r c h  and development program of t h e  same scope a s  
Nimbus, a s p a c e c r a f t  w i t h  a nominal l i f e  of f i v e  y e a r s  i s  
assumed; two of  them would thus  be r e q u i r e d  t o  cover  a n i n e  y e a r  
p e r i o d  comparable t o  t h e  t i m e  t h a t  Nimbus sa te l l i t es  have been 
i n  o r b i t ,  and each i s  assumed t o  cost t h e  same as a Nimbus 
sa te l l i t e .  The man-attended Nimbus-type test bed i s  s e r v i c e d  
on o r b i t  every  s i x  months f o r  replacement  of exper iments ,  up- 
d a t i n g  and s e r v i c i n g  of systems, and replacement  of t a p e  re- 
co rde r s .  I ts  f ive -yea r  l i f e t i m e  i s  achieved through r o u t i n e  
replacement  and r e p a i r  of marginal  s p a c e c r a f t  subsystems, 
o b v i a t i n g  t h e  need f o r  t h e  development of extremely expensive 
long- l ived  subsystems. A t a b l e  comparing t h e  costs of a man- 
a t t ended  me teo ro log ica l  development program wi th  t h e  Nimbus 
automated program i s  shown below. I t  i n d i c a t e s  t h a t  t h e  pro- 
gram based on t h e  i n t e g r a t e d  c a p a b i l i t y  would be compe t i t i ve  
w i t h  t h e  completely automated program. 

Automated Program I n t e q r a t e d  Proqram 
I t e m  cost  I t e m  c o s t  

S p a c e c r a f t  *7 Nimbus 245M 2 Nimbus-type 7 OM 
@35M t e s t b e d s  @35M 

Launch *7 Thor- 49 2 s h u t t l e  1 6  
Agena @7M o p e r a t i o n s  

@8M 

On-orbi t  Not a p p l i c a b l e  - 
s e r v i c i n g  

1 7  s h u t t l e  13 6 
o p e r a t i o n s  
(2/yr)  @8M 

Experiments Tota l  of 39 - 6 i n s t a l l e d  i n  54 
( inc luded  i n  each S/C a t  
s/c cost)  launch ( i n c l u -  

ded i n  S/C c o s t ) ;  
27 replacements  
i n s t a l l e d  du r ing  
semi-annual ser- 
v i c i n g  t r i p s  @2M 
each 

Replacement N o t  a p p l i c a b l e  - 
S/C systems 

Total  Program 

* Inc ludes  Nimbus B 

- 
294M 

9 Assume 1M/yr 

( f a i l e d  t o  achieve  o r b i t )  

- 
285M 
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Conclusions 

The Nimbus program w a s  i n i t i a t e d  i n  1 9 6 0  t o  suppor t  
t h e  me teo ro log ica l  s a t e l l i t e  r e s e a r c h  and development program; 
i f  c a r r i e d  o u t  as c u r r e n t l y  approved, it w i l l  have p l aced  s i x  
sa te l l i t es  i n  o r b i t  by t h e  mid-1970's. The e v o l u t i o n  and per -  
formance of t h e s e  s a t e l l i t e s  are  i l l u s t r a t i v e  of a c lass  of 
unmanned r e s e a r c h  and development s p a c e c r a f t .  The role  t h a t  
might  have been played by t h e  i n t e g r a t e d  program c a p a b i l i t y  
i n  c a r r y i n g  o u t  a s i m i l a r  program has been examined f o r  purposes  
of  comparison and e v a l u a t i o n .  

I n  t h e  c o n t e x t  of t h e  assumed c a p a b i l i t i e s  ass igned  t o  
t h e  i n t e g r a t e d  program, it appears t h a t  a Nimbus-type meteoro- 
l o g i c a l  r e s e a r c h  and development v e h i c l e  could be d e l i v e r e d  t o  
t h e  600  n.m. c i r c u l a r  sun-synchronous o r b i t  by s h u t t l e .  The space- 
c r a f t  would then  be maintained i n  o p e r a t i o n  f o r  a pe r iod  of 
several y e a r s ,  w i th  s e r v i c i n g  t r i p s  be ing  scheduled on a r e g u l a r  
b a s i s  t o  r e p l a c e  o r  modify t h e  s e n s o r s  be ing  t e s t e d ,  t o  r e p a i r  or  
r e p l a c e  marginal  or sho r t - l i ved  suppor t  systems, and t o  r e p l e n i s h  
consumables. The manned c a p a b i l i t y  minimizes t h e  need t o  develop 
e s p e c i a l l y  long- l ived  systems, r e l y i n g  r a t h e r  on replacement of 
systems when r e q u i r e d .  

The oppor tun i ty  t o  i n s t a l l  new senso r s  a t  r e g u l a r  
i n t e r v a l s ,  such as every  s i x  months, would b r i n g  exper imenta l  
s e n s o r s  t o  a s ta te  of o p e r a t i o n a l  use  a t  an ear l ie r  date .  Pe r iods  
of up t o  t h r e e  y e a r s  have e lapsed  between success ive  Nimbus 
launchings ;  tests of modi f ica t ions  t o  senso r s  based on t h e  r e s u l t s  
of o b s e r v a t i o n s ,  and t h e  test of t h e  nex t  gene ra t ion  of expe r i -  
mental  s e n s o r s ,  had t o  w a i t  f o r  t h e  c o n s t r u c t i o n  and launch of 
t h e  n e x t  s a t e l l i t e .  
program w a s  t h u s  paced by s p a c e c r a f t  c o n s t r u c t i o n  and a c q u i s i t i o n  
schedules  and budget ing cons ide ra t ions ,  r a t h e r  than  t h e  s h o r t e r  and 
less c o s t l y  senso r  development cyc le .  

The meteoro logica l  r e s e a r c h  and development 

A cost comparison i n d i c a t e s  t h a t  a man-attended 
me teo ro log ica l  r e s e a r c h  and development program, based on i n -  
s e r t i n g  development s a t e l l i t e s  i n t o  o r b i t  and s e r v i c i n g  them on 
a r e g u l a r  bas i s  on o r b i t ,  would be q u i t e  compet i t ive  wi th  a com- 
p l e t e l y  automated program. 

1012-JPJ-pak 
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